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Abstract: C a r i b o u i n southeastern and east central Br i t i sh C o l u m b i a generally use o ld-growth forests rather 
than clearcuts or immature stands. D u r i n g winter , they subsist o n arboreal lichens, w h i c h are most abundant 
i n o l d g r o w t h . T h e M o u n t a i n C a r i b o u i n Managed Forests program was init iated to adress the question: can 
forest stands be managed, t h r o u g h s i lv icul tural systems and habitat enhancement techniques, to provide both 
t imber and car ibou habitat? T h e program includes radiotelemetry, habitat capabil i ty mapping , habitat manage-
ment trials, and development of an integrated strategy. T h e management trials are aimed at mainta in ing arbo-
real lichens and other key habitat attributes i n managed stands. T h e strategy development c o m p o n e n t i n v o l -
ves wi ld l i fe biologists and foresters i n developing and implement ing solutions to logging-caribou confl icts . 
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confl ict ing interests. 
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Introduction 
The «mountain caribou» ecotype of the w o o d -
land caribou (Rangifer tarandus caribou) is wide-
l y but sparsely distributed throughout the mo-
untains of southeastern and east central Br i t i sh 
C o l u m b i a (Stevenson and Hat ler 1985). D u r i n g 
winter the caribou use o ld-growth forests al-
most exclusively, feeding o n the lichens Bryoria 
spp. and Alectoria sarmentosa that grow o n ma-
ture trees (Antifeau 1987; Edwards and Ri tcey 
1959; Rominger and O l d m e y e r 1989; Seip 1990; 
Servheen and L y o n 1989; S impson et al. 1985). 
Habitat management for mounta in C a r i b o u has 
generally been directed at t ry ing to protect o ld-
growth forests f r o m logging (Stevenson and 
Hat ler 1985). Confl ic ts have arisen between ha-
bitat and t imber managers, and are increasing as 
the demand for t imber increases. In response, 
the M o u n t a i n C a r i b o u i n Managed Forests 
( M C M F ) Program was initiated to address the 
question: can forest stands be managed, through 
si lvicultural systems and habitat enhancement 
techniques, to provide both t imber and caribou 
habitat? 
Study area 
Most M C M F activities take place w i t h i n an in-
tensive study area of about 19.000 k m 2 , located 
in the Fraser R iver watershed east of Prince 
Georg , Br i t i sh C o l u m b i a (Figure 1). Elevations 
range f r o m about 600 to 2200 m . Biogeoclima-
tic zones occurr ing in the intensive study area 
are the A l p i n e T u n d r a Zone ( A T ) , the Engel¬
mann Spruce - Subalpine F i r Zone (ESSF), the 
Sub-Boreal Spruce Zone (SBS), and the Interior 
C e d a r - H e m l o c k Zone ( I C H ) . In the western 
por t ion of the intensive study area, w h i c h is 
characterized by subdued mountainous topo-
graphy, the I C H is generally absent and the 
SBS occurs directly be low the ESSF. In the eas-
tern p o r t i o n , where the topography is more 
rugged, the I C H occurs below the E S S G , and 
the SBS is restricted to valley bottoms below 
about 700 m . The major land use activity i n the 
intensive study area is forestry. M o s t often, 
stands are clearcut, broadcast burned, and plan-
ted w i t h spruce (Picea glauca x engelmannii) or 
lodgepole pine (Pinus contorta). 
The t w o broad physiographic types that oc-
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Figure 1. L o c a t i o n of the intensive and extensive stu-
dy areas of the M C M F P r o g r a m . 
cur in the intensive study area, the mountain 
and plateau types, also dominate other caribou 
ranges in southeastern Bri t ish C o l u m b i a (the 
«extensive study area» in Figure 1). O f the t w o 
broad configurations of biogeoclimatic zones, 
the E S S F - I C H complex is typical of most of 
the extensive study area. Management strategies 
developed in the intensive study area apply, 
w i t h some modifications, to caribou ranges 
throughout the extensive study area. M C M F is 
involved in several cooperative projects i n the 
extensive study area. 
Rationale 
T o design suitable habitat for caribou i n mana-
ged stands, managers must understand the key 
attributes of stands that caribou use, the func-
t ion of those attributes, and the circumstances' 
under w h i c h they are important . W e reviewed 
studies of radio-collared caribou in southeastern 
and east central Br i t ish C o l u m b i a to identify 
the key attributes of forested ranges and their 
funcitonal importance (Stevenson 1989). W e fo-
cused on caribou use of early and late winter 
ranges, because most conflicts w i t h forestry 
were in those habitats. 
The importance of the key attributes varies 
f r o m one biogeoclimatic zone to another (Table 
1). In the ESSF Zone , caribou feed main ly on 
arboreal lichens f r o m standing trees i n winter , 
although lichens f r o m w i n d t h r o w n trees and 
litterfall are used w h e n available. A t lower ele-
vations (the I C H and SBS Zones), there are fe-
wer lichens o n the lower branches of standing 
trees, and b l o w d o w n and litterfall are more i m -
portant sources of l ichen. C a r i b o u may take re-
fuge f r o m deep, soft snow in the I C H , where 
snowfall is lower, snow interception is greater, 
and more rooted forage is available. General ly , 
caribou use the I C H - M more frequently i n ear-
l y winter than the I C H - P or the SBS (see Table 
1). In all biogeoclimatic zones, caribou are be-
lieved to be affected b y access development. 
W h e n managers design habitat prescriptions 
to sustain wi ldl i fe populations i n the long term, 
they must provide the attributes that can be 
funcitonal ly l i n k e d to survival , regardless of 
whether those attributes are currently l i m i t i n g 
populations. Thus , it is important to provide 
escape cover, even if predator numbers are cur-
rently l o w , and to provide forage, even if food 
is not currently l i m i t i n g . Management practices 
exist that can enhance the habitat attributes 
shown in Table 1, but they need to be evalua-
ted and incorporated into an overall strategy. 
Program overview 
The M C M F Program is a co-operative venture 
of the B . C . M i n i s t r y of Envi ronment , M i n i s t r y 
of Forests and the forest industry. The five-year 
program (1988-1993) is administered by the M i -
nistry of Envi ronment in Prince George. It is 
directed by t w o Committees, each w i t h repre-
sentatives f r o m the t w o Ministr ies and the fo-
rest industry. A Technical Commit tee reviews 
technical content and progress of the program. 
A n A d v i s o r y Commit tee provides comment on 
program direction, oversees the development of 
an integrated management strategy for caribou 
habitat throughout southeastern and east central 
Br i t ish C o l u m b i a , and recommends pol icy 
changes where necessary. 
The goal of the M C M F program is to produ-
ce integrated management solutions to moun-
tain caribou-mature t imber management pro-
blems in southeastern Bri t ish C o l u m b i a ( C h i l d 
et al. 1991). 
Five objectives direct program development 
and delivery (Figure 2): 
1. T o determine numbers, recruitment and cau-
ses of mortal i ty for caribou (Radiotelemetry 
component); 
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Table 1. Est imated importance of key attributes of car ibou w i n t e r range in various biogeocl imatic zones. 
I C H / 
Attr ibutes ESSF ESSF ICH-M 1 I C H - P 2 SBS 
A r b o r e a l l ichen p ro dukt ion H 1 H H M M 
B l o w d o w n and litterfall L H H M M 
Snow interception N A L M L L 
Rooted forage product ion N A L M L L 
Access management H H H H H 
1 I C H in R o c k y M o u n t a i n and C o l u m b i a M o u n t a i n Phys iographic Regions 
2 I C H in Inter ior Plateau Phys iographic R e g i o n 
' L - l o w ; M - medium; H - h igh; N A - not applicable. 
2. T o describe seasonal patterns of habitat use 
and selection (Radiotelemetry component); 
3. T o assess and map habitat capability for cari-
bou (Habitat capability mapping compo-
nent); 
4. T o develop methods to create habitat in ma-
naged stands (Habitat management compo-
nent); and 
5. T o develop an integrated management strate-
gy for long-term management of mountain 
caribou and t imber in consultation w i t h fo-
rest managers (Integrated management strate-
gy component) . 
Radiotelemetry 
Seasonal habitat relationships and migrations 
are investigated through radiotelemetry. K n o w -
ledge of habitat use patterns by mountain cari-
bou facilitates integrating habitat needs of cari-
bou in forest developments plans, p r i o r i t i z i n g 
seasonal ranges of caribou in forest management 
planning, identi fying core caribou management 
zones, and selecting sites for special forest man-
agement trials. The presence of radio-collared 
animals permits studies of populat ion dynamics, 
herd product iv i ty , and identification and quan-
tif ication of important moral i ty factors. 
RADIOTELEMETRY 
COMPONENT 
( M O E ) 
HABITAT CAPABILITY 
MAPPING 
COMPONENT ( M O E ) 
Broad characteristics 
of seasonal habitats 
Ef fects of logging on 
habitat use and popula-
tion characteristics 






What do we do ? 
of seasonal habitats 
Where do we do it ? 
HABITAT MANAGEMENT 
COMPONENT 
(MOE ,MOF , INOUSTRY) 
/ . Implementation How do we do it ? \ 
INTEGRATED 
STRATEGY 
C O M P O N E N T 
( MOE , M O F ) 
I N D U S T R Y ) 
Figure 2. Interrelationship of program components for development of an integrated strategy for car ibou and 
t imber . 
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In addition, the radiotelemetry component 
has assisted in a more detailed study of micro-
habitat selection by mountain caribou in winter 
in w h i c h caribou are tracked on the ground af-
ter init ial radio relocation (Terry and M c L e l l a n 
1991). This study was initiated by the B . C . M i -
nistry of Forests (Research Branch) w i t h t w o 
main objectives: 
The first objective is to provide knowledge of 
winter habitat selection using micro-habitat cha-
racteristics, such as forest stand attributes, l i -
chen abundance and snow conditions, as key at-
tributes affecting caribou use. U s i n g these attri-
butes, the study focuses on t w o hierarchial 
levels of habitat selection: 
(i) a broader level focusing on selection of fora-
ging areas w i t h i n the Engelmann Spruce-
Subalpine F i r biogeoclimatic zone (ESSF) 
where mountain caribou are k n o w n to 
spend the winter ( C h i l d et al. 1991), and; 
(ii) a smaller scale focusing on selection of mic-
ro-sites w i t h i n caribou foraging areas. 
The second objective is to compare micro-ha-
bitat characteristics of unmanaged stands used 
by caribou to characteristics of managed stands 
that have been harvested using partial cutting 
methods. A knowlegde of general habitat use 
patterns and micro-habitat use by caribou is i m -
portant to the development of an integrated 
management strategy for mountain caribou in 
managed forests. 
Habitat capability mapping 
The mapping component improves the mana-
ger' s abil i ty to assess impacts of proposed re-
source developments on caribou habitats. Capa-
bi l i ty maps may be used to guide selection of a 
si lvicultural system on a specific site. M o r e i m -
portantly, these capability maps assist the mana-
ger to delineate core caribou management zones 
and facilitate decision-making where forest de-
velopments are being planned. 
Habitat management component 
The rationale for the special management prac-
tices that are being evaluated i n the M C M F 
program was described by Stevenson (1990). 
The use of uneven-aged rather than even-aged 
stand management is a central focus of the pro-
gram, because it may be possible through parti-
al cutting to maintain the key habitat attributes 
at all times. Partial cutting leaves a residual 
stand of lichen-bearing trees that continue to 
provide forage for caribou, though at a reduced 
level, and provided lichens fragments to coloni-
ze the regenerating trees. A variety of partial 
cutting prescriptions are being tried, inc luding 
modif ied diameter-limit cuts, selective harvest-
ing to produce specific diameter distributions, 
and group selection systems. 
Where caribou ranges are already in second 
growth, or where uneven-aged stand manage-
ment is not an opt ion , other management prac-
tices may be used to recreate habitat attributes. 
O n some low-elevation ranges, th inning may 
improve the microclimate for l ichen develop-
ment and enhance the ability of the stand to in-
tercept snow in the future. Midsera l stands that 
already have som lichen may be thinned by 
girdling instead by fell ing. G i r d l i n g results in 
standing dead trees that provide a good substra-
te for l ichen, and later a source of litterfall and 
b l o w d o w n . In y o u n g serai stands that are remo-
te f rom a natural source of l ichen dispersal, in -
oculation w i t h l ichen fragments may increase 
future availability of forage (Palmer 1987). 
A t present, four partial cut projects, one early 
th inning project, one girdling project, and one 
lichen inoculat ion project have been initated 
through the M C M F program, and several more 
partial cuts are planned. The program monitors 
the effects of the special management practices 
on lichen abundance and growth rates, the use 
of partial cuts by caribou, and si lvicultural i m -
pacts. A l t h o u g h it w o u l d be desirable to m o n i -
tor the response of caribou at the populat ion le-
vel , it has not been feasible to set up a suitable 
experimental design. 
E f f e c t s o n l i c h e n a b u n d a n c e 
The c lump method (Stevenson and Enns 1991) 
is used to estimate l ichen abundance in the 
treatment and an adjacent control area, before 
and after partial cutting. A standard c lump of 
l ichen is used as a reference for estimating the 
number of clumps present below 4.5 m on the 
sample trees. This method gives results that are 
l o w in accuracy but relatively precise, p r o v i d i n g 
the lower crowns are readily visible. The meth-
od is not precise enough to detect year-to-year 
changes in l ichen abundance due to growth, but 
is suitable for assessing the major changes i n l i -
chen biomass that result f r o m partial cutting. 
Similar methods are being used to moni tor l i -
chen abundance i n partial cuts in the winter 
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micro-habitat selection study (Terry and M c L e l -
lan 1991). Because of differences in stand struc-
ture, l ichen abundance, and lichen distr ibution 
and the canopy, the c lump method has been 
modif ied for use at the thinning/lichen inocula-
t ion site, and at the girdling site. L i c h e n litter-
fall is also measured at the girdling site. 
E f f e c t s o n l i c h e n g r o w t h r a t e 
Changes in canopy microclimate resulting f r o m 
partial cutting may affect the growth rates of 
the residual lichens. A method has been devel-
oped that allows the biomass of l iv ing l ichen 
clumps to be repeatedly measured. The study l i -
chens are enclosed in mesh cages, w h i c h protect 
the lichens during transport, prevent them f r o m 
being eaten by caribou, intercept l itterfall , and 
trap fragments that become detached. Preweig-
hed l ichen clumps are attached w i t h silicone 
seal to a stable substrate of borosilicate labora-
tory glass, w h i c h can be detached f r o m the cage 
and weighed w i t h the lichens. The lichens are 
suspended i n their cages f r o m trees at the study 
sites, except whe n they are brought into the la-
boratory to be air-dried and weighed. Because 
differences i n relative h u m i d i t y w i t h i n a narrow 
range significantly affect biomass measurements 
of the lichens, correction factors for h u m i d i t y 
are being developed (Armleder and Waterhouse 
1991). 
G r o w t h rates of lichens are being measured at 
t w o partial cuts and the early th inning site. 
U s e o f p a r t i a l c u t s b y c a r i b o u 
In addit ion to determining whether partial cut-
t ing can maintain key habitat attributes for mo-
untain caribou, another important aspect of the 
management trials is to determine if caribou 
w i l l use the area once it has been harvested. 
Part ia l ly cut blocks are being moni tored for ca-
r i b o u use during the ground surveying of habi-
tat characteristics and radiotelemetry flights 
(Terry and M c L e l l a n 1991, C h i l d et al. 1991). 
In the intensive study area impacts on caribou 
use are being addressed through the micro-habi-
tat selection study. K e y attributes of caribou 
use sites such as the distr ibution of tree diame-
ter classes, l ichen abundance, l ichen species 
composi t ion, tree vigour, as wel l as tree basal 
area, tree density and b l o w d o w n density are 
being compared to partially cut blocks to deter-
mine if caribou habitat has been maintained. 
Snow conditions inc luding snowpack depths 
and snow types as wel l as caribou s inking 
depths are also being monitored to assess the 
impact partial-cutting may have on the dynamic 
relationship of snow conditions and forage avai-
labi l i ty . 
S i 1 v i c u 11 u r a 1 i m p a c t s 
Assessments of the si lvicultural impacts of spe-
cial management practices are cri t ical ly impor-
tant, but are outside the terms of reference of 
the M C M F program. Wherever possible, s i lvi-
cultural assessments are carried out through 
cooperative agreements w i t h the M i n i s t r y of 
Forests. Detailed si lvicultural measurements are 
currently carried out at one site i n the intensive 
study area, and one site in the extensive study 
area, both in the ESSF. A cooperative project 
inc luding si lvicultural assessments i n the I C H is 
planned. 
Integrated management strategy 
The final objective of M C M F is to develop an 
integrated strategy for long-term management 
of caribou and timber. T o direct the develop-
ment of the integrated management strategy 
(IMS), seven further objectives have been identi-
fied: 
1. T o set geographic management priorities for 
mountain caribou populations at a provinc ia l 
level; 
2. T o develop integrated forest and caribou 
management objectives; 
3. T o ensure the integrated strategy is adopted 
and implemented at all leves of the planning 
process; 
4. T o provide the tools necessary for the imple-
mentation of the management strategy; 
5. T o identify any external problems that hin-
ders fu l l implementat ion of an I M S and 
make recommendations for further action 
(e.g. research needs, pol icy changes, etc.); 
6. T o m o n i t o r the results of habitat manage-
ment trials and caribou populat ion status to 
provide feedback for the modif icat ion of the 
I M S ; and 
7. T o develop an extension program (communi-
cation and training). 
Because implementat ion of some of these ob-
jectives is beyond the terms of referene of the 
M C M F program, they have been referred to 
the A d v i s o r y C o m m i t e e , w h i c h has a provinc ia l 
scope. Objectives 4, 6 and 7 are p r i m a r i l y the 
responsibil i ty of M C M F . 
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A set of guidelines relating forest management 
practices to caribou habitat w i l l be prepared by 
the M C M F program implementation in the 
central interior of Brit ish C o l u m b i a . The guide-
lines may be applicable to caribou ranges 
throughout the southeastern por t ion of the pro-
vince, but their adoption is at the discretion of 
regional staff. The guidelines are a product of 
three component parts. 
F i rs t ly , specific geographic zones that are i m -
portant to mountain caribou w i l l be mapped. 
Those areas zoned to be of high importance 
(core caribou ranges) w i l l be protected f r o m 
logging impacts because of their sensivity, and 
uncertainty about the impacts of disturbance. 
Special management practices for caribou and 
t imber w i l l be recommended in medium zones, 
whereas areas zoned to be of l o w importance 
w i l l be managed without special constraints due 
to caribou. 
Secondly, management objectives for t imber 
product ion and mountain caribou w i l l vary 
f r o m one site to another as management practi-
ces have different consequences on different si-
tes. The guidelines w i l l reflect the ecological 
classification system used by the B . C . M i n i s t r y 
of Forests for planning and development. The 
guidelines w i l l indicate si lvicultural systems (e.g. 
uneven-aged stand management) and manage-
ment practices (e.g. group selection harvesting) 
that are compatible w i t h caribou habitat values 
on various sites. 
T h i r d l y , various management practices may 
be acceptable w i t h i n a given caribou zone and 
biogeoclimatic subzone. Considerations that af-
fect the choice of management systems and 
practices (e.g. stand composit ion and structure, 
b l o w d o w n risk, arboreal l ichen abundance) w i l l 
be discussed in the guidelines. 
The guidelines are envisioned as a first appro-
x imat ion in a continuing program of adaptive 
management. Results of the habitat manage-
ment trials may indicate that the guidelines 
should be modif ied. 
A s wel l as the guidelines, M C M F is preparing 
reference materials for lichen assessments. T o 
plan for caribou habitat at the site level, mana-
gers need informat ion about the abundance and 
distr ibution of arboreal lichens. Procedures to 
assess lichen abundance in association w i t h t i m -
ber cruises are being developed. A training ma-
nual providing photo illustrations of trees w i t h 
k n o w n lichen abundance is in preparation. The 
results w i l l be usefull to forest managers w h e n 
planning t imber harvesting and the wi ldl i fe ma-
nagers when moni tor ing special harvesting 
treatments. 
Conclusions 
Because the M C M F program is stil l developing, 
and field trials are at an early stage, conclusions 
w o u l d be premature. The cooperative organiza-
t ional structure of M C M F has the potential to 
replace interagency conflict over management 
of caribou habitat w i t h at more integrated ap-
proach, and to establish a cont inuing program 
of adaptive mangement. 
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